in human populations exposed to Cd are manifestations of separate underlying 1 5 molecular pathways.
observed in human populations exposed to cadmium-polluted environments 2, 11, 21, 22 . The 1 0 2 media was replaced daily and feeding began at five dpf. Cadmium has been shown to 1 0induce oxidative stress and interfere with ion channels, in particular zinc and calcium 1 0 4 channels 24, 25 . To evaluate whether these effects were the primary cause of the 1 0 5
observed Cd-induced otolith and/or behavioral phenotypes, embryos were co-exposed 1 0 6 from four hpf to 7 dpf with daily media changes to Cd 2+ (60 ppb) and either 1 mg/L N-
acetyl-L-cysteine (NAC) or 2.5 mM Calcium (CaCl 2 ). Otolith Imaging and Measurements
Light microscopy images of otoliths were taken using a Leica dissecting
microscope. To assess otolith size, seven dpf zebrafish larvae (n=5) were anesthetized
by the addition of phosphate-buffered Tricaine (final concentration: 0.4 mg/L, pH 7,
Western Chemical Inc.) to 0.5X E2 media until no movement was observed. Once
anesthetized, images were taken using the Leica Application Suite (software version Seven dpf zebrafish larvae were pooled in 1.5 mL polypropylene tubes in triplicate (n=10 per replicate) and placed on ice for 10-15 minutes to euthanize them. Larvae were dehydrated using successive 15-minute incubations in a graded ethanol series (33%, 66%, and 100%), and otoliths were dissected using fine-tipped forceps under a Leica dissecting microscope and stored in 100% ethanol at 4˚C for a maximum (phosphate buffer), pH 7.4 at 4˚C and afterwards transferred to microporous specimen Industries, Williston VT) and sputter coated with Au/Pd using a Hummer 6.2 sputter 1 3 2 system (Anatech USA, Union City CA). Samples were viewed on a JEOL JSM-5900LV
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at 15kV (JEOL USA, Peabody MA). Behavioral Assays
Behavior was assessed using a DanioVision TM box with EthoVision ® XT software
(Noldus; Leesburg, VA). Behavior analyses for all exposures were conducted at five dpf.
Zebrafish larvae were arrayed in a six-well plate at a density of eight larvae per well. Plates were placed in the DanioVision TM box and larvae were allowed to acclimate in sample were used to make cDNA by reverse transcription PCR using a poly-dT primer.
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Quantitative PCR was performed using SYBR Green and ROX reference dye (Agilent
Technologies, CA). Primer sequences for star marker (stm), secreted protein, acidic,
cysteine-rich (sparc), otopetrin 1 (otop1), and eukaryotic translation elongation factor 1 Developmental cadmium exposure resulted in a decrease in the diameter of the 1 6 7 saccule otolith at 7 dpf relative to untreated controls ( Figure 1) ; however, the utricle 1 6 8 otolith diameter was not significantly different between controls and Cd-exposed larvae.
The decrease in saccule otolith also exhibited a dose-dependent decrease beginning at
30 ppb (p < 0.01) and leveling off at 40 ppb cadmium (p < 0.001) (Fig. 1d) . These
results demonstrate that developmental Cd 2+ exposure reduces the size of the saccule
otolith in larval zebrafish without affecting the utricle otolith. Cadmium Alters Otolith Ultrastructure
To assess the ultrastructure of the saccule otoliths, we used scanning EM (SEM)
to visualize control and Cd-exposed saccule otoliths. Our initial analysis revealed
pronounced structural differences in the Cd-exposed otoliths compared to control attachment to hair cell stereocilia, Cd-exposed otoliths exhibited a course knobbled evidence of attachment to hair cells (Fig. 2) . The presence of numerous cable-like 1 8 2 extensions and the pronounced increase in surface area due to surface knobbling in the
Cd-exposed otoliths suggests a defect in the deposition of inorganic minerals or specific 1 8 4
proteinaceous components required for normal otolith formation. hyperactive-like phenotype. As seen in Figure 3 , zebrafish larvae exposed to 40 -60 1 9 2 ppb cadmium exhibited a heightened level of activity throughout the behavioral assay larvae are typically more active 25, 26 . In addition to increased activity in the dark, Cd
increased the number of rotations in both a clockwise (CW) and counter clockwise Supplemental Video). This circling behavior is characterized by a rapid twirling or
spinning behavior in response to both mechanical and light stimuli and is often observed in other model organisms harboring mutations that affect the vestibular system 27, 28 .
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These data demonstrate that Cd 2+ induces a dose-dependent increase in activity and 2 0 1 number of rotations in 5 dpf larval zebrafish. to induce oxidative stress 29, 30 . To test the hypothesis that Cd 2+ interferes with calcium 2 0 8 homeostasis in the vestibular system, zebrafish embryos were co-exposed to Cd 2+ and
